Abstract-This paper presents a novel structure for an adaptive fully spatially processed wideband conical antenna array. A major advantage of this configuration is the frequency invariance of the directional patterns of the array within a relatively large fractional bandwidth which makes this array a potential candidate for wideband and ultra wideband (UWB) technology applications. Furthermore, unlike conventional wideband antenna arrays which use delay lines or time-domain filters, this system relies on fully spatial processing of the incoming or transmitted signals using a single real multiplier for each antenna element, without utilizing any phase shifters, digital filters or adjustable delays. Finally, due to the conical shape of the array configuration, beamforming in both azimuth and elevation angles is accomplished with symmetrical and uniform characteristics in all azimuth directions.
I. INTRODUCTION
Adaptive beamforming for the generation or detection of spatially directed signals can be used for various wideband applications such as audio, radar and UWB array signal processing. Very frequently, pure adjustable time delay elements have been widely used as a simple frequency dependent phase shifters in these applications. Frequency independence of delay arrays is maintained for the main direction of the beampattern, however the beamwidth and sidelobe attenuation level for different frequencies are not identical [1] . Tapped-delay-line and recursive filters [2] [3] have also been employed on each branch of the array to allow each element to have a phase response that varies with frequency. Time domain wideband arrays involve a greater complexity of optimization algorithms for the desired pattern and they need very fast analog-to-digital converters for implementation of the filters.
A wideband smart antenna theory using rectangular array structures has been proposed in [4] . The main advantages of these structures are the frequency independence of the beam pattern over a large fractional bandwidth, and fully spatial signal processing which eliminates the requirements of using pure delay lines or the temporal processing of signals. On the other hands, these array systems suffer from non-uniform resolution of the directional patterns of the array over all azimuth angles. Moreover, they cannot handle elevation angles due to the two dimensional structure of rectangular arrays.
Frequency independent uniform and concentric circular arrays have been researched in the literature for beamforming and direction of arrival (DOA) estimation [5] . These arrays, like those similar to rectangular structures, cannot support elevation angles; however they demonstrate uniform characteristics for different azimuth angles.
In this study a three dimensional conical array structure with elements distributed over the surface of a cone is proposed. In the far field receiving mode, the signal received by each element is processed by a single real gain factor without requiring any phase shifter or delay element. This characteristic makes these arrays a good candidate for microstrip array antenna fabrication.
This paper is organized as follows. In Section II the structure of the conical array is explained. Section III investigates the adjustment process of the adaptive real multipliers allocated to each element. Some simulation results are presented in IV. Finally, section V concludes the paper. Fig. 1 shows the basic structure of the proposed conical array configuration. Each antenna element is connected to an adaptive real multiplier . The resultant signals are then summated to generate the output signal. There are basically two general methods to calculate the multipliers of the conical arrays: 1) Optimization-based techniques: The desired array directional pattern is decided based on the desired angles of arrival, the undesired interference angles, and the dedicated frequency response of the UWB system. An optimization algorithm is used to synthesize the required pattern [6] . 2) Adaptive array techniques: In this method, adjustable multipliers are computed iteratively using an adaptation technique which requires a training sequence as the desired signal [7] . The method used in this paper is the adaptive adjustment of the coefficients based on the directions of the desired and interference signals. Fig. 2 illustrates the locations of the antenna elements and the parameters used in the proposed structure. The array system consists of elements which are located on a conical surface with a base angle . The horizontal circles, centralized around the axis on and parallel to − 
II. ADAPTIVE WIDEBAND CONICAL ARRAY
where is the speed of light and 0 and 0ℎ are the lowest and highest frequencies of operation, respectively. Equation (1) indicates that the distance along the incline of the cone between two antenna elements with the same index is half of the wavelength corresponding to the center frequency of the operational signals. This is the common choice for inter-element spacing of linear arrays. The angle = 2 is a constant for all circles. The radius of each circle is represented by and is calculated from = 1 − +1 , where 1 = cos . With reference to the geometry depicted in Fig. 2 the three dimensional coordinates of each antenna element are written as ( ( , ), ( , ), ( , ) ), where calculations show that:
Assuming that the array system is used in receiver configuration, the incoming wave arrives to the array with the azimuth and elevation angles of 0 and 0 , respectively. With reference to the origin, the incoming signal is arriving at each antenna elements with a time delay that can be calculated from the following equation:
In addition to the desired signal 0 ( ; 0 , 0 ), the system may also experience one or more interfering signals,
. ., and a noise signal ( ) which are added at each element to generate the resultant signal at each antenna element. The interfering angles are defined by ( 1 , 1 ), ( 2 , 2 ) ,. . .. The resultant signal at each element can be written as follows:
where parameters 1 ( , ) and 2 ( , ),. . .. are the corresponding time delays of the interference signals and are calculated in a similar manner to the delays of the desired signal explained in (3). The received signal at each array element is then multiplied by adjustable real multipliers in order to calculate an 
III. ADJUSTMENT OF REAL MULTIPLIERS
The error signal is defined as:
where Δ is a constant time delay added to make the adaptive process causal. Then, the adjustable coefficients are updated using the well known least mean square (LMS) algorithm [8] as follows:
to direct the mean squared error (MSE) toward zero, where the constant parameter is the step size or convergence factor and controls the convergence speed and stability of the calculations, and is the time interval between two successive iterations.
Several parameters control the final MSE such as the number of elements, the power of the input signals and the angle and frequency characteristics of all desired and interfering signals.
IV. SIMULATION RESULTS
The parameters used in the simulation are listed in Table I . As shown in Fig. 3 adaptation of the real coefficients using LMS algorithm shows a smooth convergence to the optimal solution without difficulty when the convergence factor is chosen properly. Fig. 4 demonstrates the directional pattern of the whole array with the main direction toward the azimuth angle 0 = 20 ∘ and the elevation angle 0 = 70 ∘ . We can also observe that two deep nulls exist close to the location of interference signals. This figure is plotted for the center frequency of the operation, i.e., = 4.5 GHz. In order to investigate the performance of the array at other frequencies, Table II shows the obtained values for the attenuations of the interfering signals compared to the desired signal at three main frequencies. For example, at the center frequency = 4.5 GHz, the attenuations are 27.1 dB and 18.2 dB for the interference signals 1 and 2, respectively. Fig. 5 shows the variations of the beam pattern for the whole frequency range with respect to the azimuth angle when the elevation angle is kept at the desired value of 0 = 70 ∘ .
In a similar manner, Fig. 6 shows the variation of the directive pattern for the whole frequency range with respect to the elevation angle when the azimuth angle is kept at the desired value of 0 = 20 ∘ . Both figures 5 and 6 clearly demonstrate an almost perfect frequency independence for the entire considered frequency range of 4-5 GHz.
V. CONCLUSION
An three dimensional adaptive spatially processed wideband conical antenna array is presented. A major advantage of the proposed configuration is the frequency invariance of the directional patterns of the array within a relatively large fractional bandwidth which makes this array a potential candidate for wideband and UWB technologies.
Moreover, unlike conventional wideband antenna arrays which use delay lines or time-domain filters, the proposed system in this paper entirely relies on the spatial processing of the incoming signals without any phase shifter, filter or pure adjustable delay lines. The conical shape of the array structure provides a uniform resolution for all azimuth angles. Finally, the three dimensional conical placement of the array elements provides the possibility of beamformimg in both azimuth and elevation angles.
